A 66-year-old woman, who was diagnosed with iritis, visited our hospital due to general malaise. A blood analysis revealed hypercalcemia. Computed tomography revealed mediastinal and hilar lymph node hyperplasia. Moreover, 67 Gallium scintigraphy demonstrated strong accumulation in the lesions, suggesting sarcoidosis. A core needle biopsy (CNB) of the hypoechoic areas of the thyroid was performed because the patient refused to undergo a bronchoscopic examination. The scattering of slightly acidophilic epithelioid cell granulomas was observed in the pathological examination of the biopsy specimen. Based on this finding, the patient was diagnosed with sarcoidosis. Although sarcoidosis rarely involves the thyroid gland, in the present case, thyroid CNB was an alternative diagnostic method that allowed a pathological diagnosis to be obtained.
Introduction
Sarcoidosis is a systemic disorder that is pathologically characterized by the formation of non-caseating epithelioid cell granulomas. It is also known that sarcoidosis widely expands to various organs throughout the body including the lungs, eyes and skin (1) . However, thyroid infiltration is extremely rare and only a limited number of case reports of systemic sarcoidosis have been diagnosed by thyroid core needle biopsy (CNB). We herein report a case of systemic sarcoidosis that was diagnosed by thyroid CNB. We also review the clinical characteristics of similar cases in the literature.
Case Report
A 66-year-old woman visited a local ophthalmic clinic with a main complaint of blurred vision, and she was diagnosed with iritis for both eyes and posterior synechia for left eye. The symptoms were improved with the administration of ophthalamic steroids. The following month, she visited the department of neurology in our hospital complaining general malaise. A blood analysis revealed hypercalcemia with an extremely high serum calcium (Ca) concentration [measured Ca, 11.9 mg/dL; corrected Ca (measured Ca + 4.0-serum albumin concentration), 12.2 mg/dL]. She was therefore immediately hospitalized to undergo further examination for hypercalcemia and referred to our department.
A physical examination on admission revealed the following findings: body height, 144.7 cm; weight, 41.8 kg; body temperature, 36.8 ; blood pressure, 96/56 mmHg; and pulse rate, 89 beats/min. No anemia, jaundice, edema or cyanosis was found. No enlarged lymph nodes were palpable. Her thyroid was not swollen and oppressive thyroid pain was not found. A physical examination of the chest, abdomen, skin and extremities were unremarkable. No neurological abnormalities were found.
The complete blood cell count showed mild anemia (Hb 11.1 g/dL). A biochemical analysis revealed elevated serum levels of corrected Ca and phosphate (P) (12.2 mg/dL and 5.4 mg/dL, respectively). Her FT3 and FT4 levels were within the normal ranges while her serum thyroid stimulating hormone (TSH) level was low (0.01 μU/mL), and her thyroglobulin (Tg) concentration was elevated (368.9 ng/ mL). The patient was negative for thyroid autoantibodies. (Table 1) . Electrocardiography revealed normal findings. A tuberculin skin test was negative. A chest X-ray revealed mild enlargement in the bilateral hilar region (Fig. 1) . The patient's respiratory function was normal. Contrast-enhanced computed tomography (CT) revealed a well-defined low absorption mass of approximately 8 mm in diameter in the right thyroid lobe, in which a poor contrast effect was found. Several enlarged hilar lymph nodes were found in the chest region (Fig. 2) . The patient's serum corrected Ca levels were lowered to 9.5-10.0 mg/dL by the intravenous administration of saline on the second week of the hospitalization, then malaise was disappeared (Fig. 3) . Based on hypercalcemia, a high level of 1.25 (OH)2Vit.D3 and the CT findings, malignant lymphoma and sarcoidosis were included in the differential diagnoses.
67 Gallium (Ga) scintigraphy showed enlargement and accumulation in the bilateral hilar regions, the mediastinal lymph nodes, the bilateral parotid gland, the submandibular gland and the lachrymal gland, which reflected the characteristic distribution of sarcoidosis (Fig. 4) . However, no accumulation was detected in the thyroid gland. She refused to undergo a bronchoscopic examination, which would have been used to determine the pathological diagnosis. Her clinical manifestations disappeared and she was discharged from our department at two weeks after admission.
We recognized the scattering of hypoechoic areas (average diameter: 10.0 mm) and a rough internal echo pattern by thyroid ultrasonography (Fig. 5A) . At six weeks after admission, percutaneous thyroid CNB was conducted in our outpatient clinic. A Bard Monopty Disposable Core Biopsy Instrument (Bard Biopsy Systems, Tempe, USA) (nee- dle outer diameter: 16 gauge, needle length: 90 mm, penetration depth: 11 mm, specimen notch width: 7 mm) was used to perform the tissue biopsy. Briefly, we reconfirmed a hypoechoic region in the right lobe (Fig. 5A ) by thyroid ultrasonography prior to the puncture, and then made a 5-mm skin incision with a surgical knife under local anesthesia. Echo-guided biopsy was then conducted in the region. A pathological examination revealed a scattering of slightly acidophilic non-caseating epithelioid cell granulomas and lymphocytic infiltration; these findings were compatible with the final diagnosis of sarcoidosis (Fig. 6) . Later, in December 2015 (at 12 weeks after admission), after the patient agreed to undergo a bronchoscopic examination, we performed bronchoalveolar lavage (BAL) and found an increase in the CD4/CD8 ratio of the patient's BAL fluid (data not shown), which reinforced the diagnosis. The serum corrected Ca concentration remained in the normal range from the second week of admission and the ophthalmic lesion resolved following local steroid treatment. No recurrence was observed. At 57 weeks after admission, the patient's serum ACE, 1.25 (OH)2Vit.D3, and Tg levels were decreased in comparison to the levels that were recorded on admission (Fig. 3) and the hypoechoic areas that were observed on thyroid ultrasonography were found to have decreased in size (Fig. 5B) . Even though no systemic medical treatment was administered to treat the patient's sarcoidosis, none of the patient's symptoms has been exacerbated since her discharge. 
Discussion
Sarcoidosis is usually found in the lungs (95%), skin (15.9%), lymph nodes (15.2%) and eye 11.8% (1). In 1938, Spencer et al. reported the first case of sarcoidosis in the thyroid-which was referred to as thyroid sarcoidosis-in a 51-year-old male patient with granuloma formation. The case was identified during an autopsy for hyperthyroidism (2) . Sarcoidal granuloma of the thyroid has only been found in 4.5% outside of Japan (3) and 4% (4) of the autopsy cases inside Japan. Thyroid sarcoidosis is rarely diagnosed in living patients in any country. To date, only 65 cases of systemic sarcoidosis with thyroid gland involvement have been reported in the literature. Thyroid sarcoidosis can be ob- served in <10% of all sarcoidosis patients, and less than 1% of patients with cold thyroid nodules have non-caseating granulomas (5). We reviewed the case reports of thyroid sarcoidosis in Japan, including our own case (6-13) ( Table 2 ). To date, only female patients have been reported (average age 51.3 years). The main complaints at the first visit included oppressive thyroid pain (n=4) as well as typical symptoms of thyrotoxicosis, such as palpitation and weight loss (n=3). In the cases of thyroid sarcoidosis, both hypothyroidism and thyrotoxicosis were reported (14) . Hypothyroidism due to extensive infiltration by epithelioid granulomas has been reported (15) . Thyroid autoantibody positivity is reported in 20-30% of patients with systemic sarcoidosis (16), while the incidence of Hashimoto's thyroiditis is high (17) .
Although some cases of thyroid sarcoidosis are complicated by Graves' disease, there is no evidence to suggest that thyroid sarcoidosis predisposes an individual to thyrotoxicosis (18) .
In the current case, the patient demonstrated subclinical hyperthyroid status with elevated serum Tg levels on admission, which suggests the destruction of the thyroid. Given that the pathological examination of the area that was hypoechoic on thyroid ultrasonography revealed lymphocytic infiltration and the fact that the patient's serum TSH levels were elevated thereafter-even though she was negative for thyroid autoantibodies-we assumed that the patient was seronegative for Hashimoto's thyroiditis.
Scattered nodular shadows (1-3 cm) and irregular hypoechoic areas-which reflect granuloma formation-are reported to be the representative ultrasonographic findings of thyroid sarcoidosis (10) . These findings are similar to typical ultrasonographic images in thyroid malignant lymphoma, which should be differentially diagnosed from thyroid sarcoidosis (19) . 67 Ga scintigraphy did not detect a sarcoidosis mass in the thyroid gland-presumably due to the relatively mild inflammation of the mass. The sensitivity of 67 Ga scintigraphy in detecting pulmonary and extrapulmonary sarcoidosis is reported to be 81% and 48%, respectively. On the other hand, 18 F-fluorodeoxy glucose-positron emission tomography (FDG-PET) detects 100% and 90% of clinically observed pulmonary and extrapulmonary sarcoidosis, respectively (20) . Thus, we hypothesize that 18 F-FDG-PET would have detected thyroid sarcoidosis in the current case.
The pathological examination of a tissue biopsy specimen-the findings of which are characterized by the non-caseating epithelioid granuloma-is required for a final diagnosis of sarcoidosis (21). According to a statement from the American Thoracic Society (ATS), the European Respiratory Society (ERS), and the World Association of Sarcoidosis and Other Granulomatous Disorders (WASOG), transbronchial lung biopsy (TBLB) should first be considered for the final diagnosis (22) . In the current case, since the patient refused to undergo a bronchoscopic examination, we conducted percutaneous CNB of the hypoechoic area, which was observed on thyroid ultrasonography, and performed a pathological examination, which revealed a scattering of slightly acidophilic epithelioid cell granulomas. The indications for CNB have been limited in comparison to fine needle aspiration cytology (FNAC), which is less invasive. However, in a previous report, FNAC failed to detect thyroid sarcoidosis and open biopsy was necessary to make the final diagnosis (13) . We therefore decided to conduct CNB, which is more diagnostic than FNAC and much less invasive than open biopsy. In light of the diagnostic accuracy, CNB should be employed to make a histological diagnosis in cases that involve features such as the rapid development of undifferentiated cancer, malignant lymphoma, and metastatic tumors in the thyroid. To the best of the authors' knowledge, the number of case reports in which systemic sarcoidosis was diagnosed by thyroid CNB (including our case) is limited.
The ATS guidelines recommend that systemic steroid therapy be administered to treat patients with systemic sarcoidosis who have organ disorders (22) . The administration of glucocorticoid can also be indicated when patients with sarcoidosis present hypercalcemia, since it suppresses the secretion of 1.25 (OH)2Vit.D3. The administration of steroids is reported to be effective for reducing the size of sarcoidosis masses in the thyroid (11) . In our case, we did not administer steroids because the patient's serum Ca levels were immediately improved by the administration of saline and because the hypoechoic areas that were detected by thyroid ultrasonography were found to spontaneously decrease in size. Based on the subsequent clinical course, we hypothesize that in the current case, the patient's systemic sarcoidosis went into spontaneous remission without the administration of steroids. The serum ACE and 1.25 (OH)2Vit.D3 levels are surrogate markers that reflect the disease activity of systemic sarcoidosis. In the current case, both levels were found to be clearly decreased-indicating disease remission-at 57 weeks after admission to our department (Fig. 3) . The patient's serum Tg levels, which were suspected to have been associated with the thyroid ultrasonography findings (which demonstrated the shrinkage of the thyroid mass)-also decreased.
We reported a rare case of systemic sarcoidosis that was diagnosed by thyroid CNB. Sarcoidosis can involve the thyroid and thyroid CNB is an alternative method for obtaining a pathological diagnosis, especially in cases in which areas of the thyroid appear hypoechoic.
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